Summary:
The primary structures of a-and ß-chains from the hemoglobin of the Beach Marten (Martes foina, Carnivora) are presented. The globin chains were separated on CM-cellulose in 8M urea buffer. The amino-acid sequences were established by automatic liquid-and gas-phase Edman degradation of the intact chains and the tryptic peptides from oxidized chains.
Comparison of the sequences with human hemoglobin shows 21 exchanges in the a-and 12 in the ß-chains. The differences concerning heme and interchain contact sites as well as the substitution all (EF6)Pro-»Ala are discussed. The latter is observed for the first time in a mammalian hemoglobin.
The sequences are compared with those of other Carnivora. The ß-chains of Manes foina and Pteronura brasiliensis (Giant Otter) are found to be identical, but their α-chains differ in 7 positions. The surprising small numbers of exchanges between the hemoglobin from Beach marten and that from Lesser and Greater Panda are discussed. This contribution is one out of a series of papers that aim to establish a broad collection of hemoglobin se quence data from Carnivora.They will provide a basis for comparative molecular analysis to give a better understanding of hemoglobin evolution. By this way probably conclusions can be drawn which may help to clarify the systematics of Carnivora.
Carnivora
In this paper we present the sequences of a-and ß-globin chains of the Beach Marten (Manes foina, Mustelidae), a member of the subfamily Mustelinae.
Material and Methods

Hemoglobin preparation
Red blood cells, obtained by centrifligation, were washed with isotonic saline and lysed with distilled water in the cold. Lipids were removed by extraction with 1/10 volume of carbon tetrachloride. The hemolysate was dialysed against distilled water containing 1 mmol dithioerythrol. The hemoglobin composition was analysed by Polyacrylamid gel electrophoresis under alkaline 1 ' 1 and dissociating conditions' 41 ( Fig. 1) .
Amino-acid analysis
Peptides were hydrolysed in 5.7M HCl at 110 °C for 20 h and analysed on an Amino-Acid Analyser LC 5000 (Biotronic, D-8039 Puchheim bei München). Cysteine and methionine were determined after performic acid oxidation 1 '', tryptophan in the presence of 2% thioglycolic acid' 8 '.
Sequence determination
The sequences of the chains were determined by automated Edman degradation' 9 '. In the liquid phase sequencers (models 890B and 890C, Beckman Instruments, Palo Alto, Call., U.S.A.) a modified Quadrol program' 1U ' was applied for degradation of native intact chains (0.25M Quadrol) and ofTp5 (pos. 41-59) from the /3-chains (0.15M Quadrol) which had been reacted with reagent IV' 11 ' whereas a 3-(diethylamino)propyne program' 12 ' was used for sequencingTp 9 (pos. 62-90) andTp 12 (pos. 100-127) from the enchains (both reacted with reagent l' 13 ') in the presence of polybrene.The remaining tryptic peptides were sequenced by the gas phase method' 14 ' in a non-commercial sequenator' 1:>1 . Phenylthiohydantoine derivatives were identified by reversed-phase high performance liquid chromatography with isocratic elution' 16 '. The HPLC system consisted of an Intelligent Sample Processor (Millipore/Waters). a model 114M Solvent Delivery Module (Beckman Instruments), an UV-detector SPD-6A (Shimadzu) and a C-R3A Chromatopac integrator (Shimadzu).
Chain separation
Globin was prepared by the methyl ethyl ketone method according toTealeHThe globin chains were separated by ion exchange chromatography on carboxymethyl cellulose' 6 '. Freezedried globin was dissolved in 8M urea and reduced with dithioerythrol for 4 h under nitrogen. The pH was adjusted to 4.8 and the sample was loaded on a column of carboxymethyl cellulose (Whatman/CM-52 preswollen, 1.6 x 10 cm) equilibrated with 0.05M sodium acetate buffer in 8M urea, pH 5.7. containing 0.01% 1,4-dithiothreitol.The globin chains were eluted by a linear gradient of 0 to 0.08M sodium chloride (350 + 350 ml) with a flow rate of 17 mil h (Fig. 2) . The chains were checked by Polyacrylamide gel electrophoresis under denaturating conditions in the presence ofTriton X-lOO' 14 '.
Tryptic peptides
The globin chains were oxidized briefly with performic acid in a cooling bath. Oxidized and native chains were digested withTosPheCH:CI-treated trypsin at pH 9.5 to 8.4 for 1 and 1.5 h. respectively, at room temperature (enzyme/substrate ratio 10:100).The enzyme was added in portions. Peptides were isolated by reversed phase HPLC on Nucleosil C4 (7 μιτι) columns (4.6 x 250 mm) with 0.1% aqueous trifluoroacetic acid using a gradient from 0 to 30% Β (acetonitrile containing 0.1%TFA) developed during 90 min and continued to 60% Β within 30 min at a flowrate of 0.6 m//min. Coeluting peptides were separated onVydac RP 18TP columns (4.6 x 60 mm) with 0.1% aqueous trifluoroacetic acid and gradients from 0 to 60% acetonitrile (+ 0.1% TFA). 
Results and Discussion
In the erythrocytes of the adult Beach marten only one hemoglobin component is present. This is indi cated by the results of gel electrophoresis (one band under alkaline, two bands under dissociating condi tions, see Fig. 1 ) and of FPLC experiments (only one peak, data not shown). The primary structures of the a-and ß-chains were determined by Edman degradation of the intact chains (pos. 1-42) and of tryptic peptides from oxidized chains, which were aligned by homology 117^ with the corresponding human globin chains. All tryptic peptides could be isolated in good yields from the unfractionated digest of oxidized chains with exception of the tryptophan-containing peptides. These were isolated from the digest of intact chains. The amino-acid compositions of the tryptic peptides are given in Tables 2-3 Five out of the 33 substitutions (21 in the a-and 12 in the ß-chains) found in comparison with human hemoglobin concern contact sites 11819 '. Three cd/ßl contacts are affected: a34 (B15)Leu-^Ala, alll (G18)Ala^Cys and 0125 (H3)Pro-^Gln; «34 and ßl25 are interaction partners. ß43 (CD2)Glu^Asp is an allßl contact whereas 070 (E14)Ala->Ser is a heme contact site. AH of these substitutions are frequently found in the hemoglobins of mammals, especially of carnivores, and their functional influences, if any, are not yet known. One exception has to be mentioned: all (EF6)Pro is highly conserved in mammalian hemoglobins. Only in the α-chains of the phylogenetically old Echidna' 201 and Platypus' 20 'Asp is expressed at this external site. Ala in this position, as found in Beach Marten hemoglobin, for so far has been only known from avian, reptilian and amphibian α-chains. It has to be questioned which factors restrict the exchange of this residue in the EFloop region in almost all mammals.
Comparison of the hemoglobin from Beach Marten with other Carnivora hemoglobins poses several problems. There seems to be a trend within the superfamily Arctoidae that the ß-chains evolve more slowly than the α-chains (the only exception being Procyon lotor). The comparison of Martes foina with Pteronura brasiliensis gives a drastic example of this trend: They have identical ß-chains but their α-chains differ in 7 positions. Compared to Lutra lutra there is a dif ference of 1 and 8, to Melivora capiensis of 1 and 10 re placements in the β-and α-chains, respectively. Lack of amino-acid exchanges usually is explained by func tional constraints. In avian hemoglobins the phos phate-binding capacity of the ß-chains has been made responsible for their reduced mutation rate' 21 '. It can be doubted that this explanation holds true in our case, because then a smaller substitution frequency for the ß-chains should be observed also among Primates or Chiroptera (just to mention two examples) where the phosphate binding sites are present as well. But there the ß-chains have more exchanges. It also can be suspected that some jet unknown functional constraint on the α-chains is released in Arctoidae hemoglobins.
These irregularities in the frequencies of substitutions extremely complicate the interpretation of phylogenetic trees created on the basis of molecular data from hemoglobins.
The taxonomic classification of the pandas has been subject of extensive discussion in the last few years' 22-2^' . A surprising sequence similarity of the hemoglobins from Lutra lutra and Ailurus fulgens has been reported recently^. An even smaller number of substitutions is found when we compare Martes foina with Ailurus fulgens: 3 exchanges in the a-and 2 in the ß-chains. This is the smallest difference between Ailurus fulgens and any other investigated Carnivora hemoglobin and taken together it is also smaller than the differences between members of the family Mustelidae. The difference between Martes foina and Ailuropoda melanoleuca with 5 and 4 exchanges is only slightly bigger than between Ailuropoda melanoleuca and Tremarctos ornatus with 5 and 3 ex changes in a-and ß-chains, respectively. As can be seen from Table 1 the hemoglobins of Ailurus fulgens and of Ailuropoda melanoleuca have more similarity to the hemoglobins of Mustelidae and Ursidae, respectively, than to that of Procyon lotor (as representative of Procyonidae).
These results point towards a closer phylogenetic relationship of the Pandas with Mustelidae than with Procyonidae. If future hemoglobin sequences of other Procyonidae will turn out to be more similar to that of Lesser Panda then the phenomenon of convergent evolution of globins will have to be discussed. 
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